Objective: Large healthcare disparities exist in the incidence of sepsis based on both race and gender. We sought to determine factors that may influence the occurrence of these healthcare disparities, with respect to the source of infection, causal organisms, and chronic comorbid medical conditions. Design: Historical cohort study. Setting: U.S. acute care hospitals from 1979 to 2003.
S epsis is a common and lethal condition regarding which significant healthcare disparities have been reported to exist (1, 2) . Previous data have shown that men are 30% more likely to develop sepsis compared with women (relative risk [RR] 1.28, 95% confidence interval [CI] 1.24 -1.32) (2) . The male predominance in sepsis has been observed in other epidemiologic studies (3) (4) (5) (6) (7) (8) as well as in randomized controlled trials (9 -13) . Even greater differences in the risk for sepsis exist among African Americans, where incidence rates are twice as high compared with Caucasians (RR 1.90, 95% CI 1.81-2.00). Both racial and gender disparities have been found to also exist in the pediatric sepsis population (14 -16) , yet the reasons for these disparities remain to be determined.
A limited number of factors have been identified that could explain the racial and gender disparities in the incidence of sepsis. Certain sources of infection are more likely to cause sepsis (1, 4, 17) , and thus disproportionate source distribution may contribute to disparities in sepsis incidence. Sim-ilarly, certain types of organisms are more likely to result in sepsis or the development of acute organ dysfunction, making their distribution relevant as potential causes of sepsis disparities (18, 19) . Chronic comorbid medical conditions are present in 54 -65% of all sepsis patients (2, 6, 20) and strongly influence outcomes among both acutely ill patients (21) and patients with sepsis (22) . The ability of chronic comorbid medical conditions to influence the risk for sepsis is not understood. Certain diseases have been suggested to increase the risk for developing sepsis, including diabetes, chronic liver disease, HIV, and cancer (5, 6) . However, these factors do not explain the magnitude of difference in sepsis based on race or gender, nor do they by themselves represent true disparities in sepsis incidence.
The underlying reasons for the sepsis disparities among races and between gen-ders have not been addressed. The identification and elimination of disparities have been espoused by physicians and by Presidential Commission, and they are a stated goal of the National Institutes of Health (23) (24) (25) . Therefore, we sought to determine patient-and disease-specific variables that account for the racial and gender disparities in the incidence of sepsis. Specifically, in this study we examined the role of chronic comorbid medical conditions, the source of infection, and the type of infection as it relates to racial and gender differences in the incidence of sepsis. Identification of Cases. Cases were identified from discharge records in the NHDS during the 25-yr period from 1979 through 2003 that included an ICD-9CM code for sepsis as previously validated (2, 27) : 038.x (septicemia), 790.7 (bacteremia), 117.9 (disseminated fungal infection), 112.5 (systemic candidiasis), and 112.81 (disseminated fungal endocarditis). Type of infection refers to the causative organism for sepsis; source of infection refers to the anatomical site of infection. The ICD-9CM codes used to classify sources of infection, comorbid medical conditions, and acute organ dysfunction are outlined in the Appendix and as previously used (2) . Chronic comorbid medical conditions were also cumulatively quantified by an established comorbidity index (Charlson-Deyo score) (28 -30) .
METHODS
Data Presentation and Statistical Analysis. Frequency counts of sepsis cases were categorized according to race and gender, and then incidence rates were calculated from the yearspecific census data after age-adjusting to the distribution of the 2000 U.S. census. Information regarding the total U.S. population and racial/ethnic, gender, and age subgroups was taken from the U.S. Census Bureau 1980 -2003 data files (31) . Comparative census information for 1979 was linearly extrapolated from the subsequent 24 yrs. Estimates are presented according to accepted guidelines for accuracy of NHDS data, requiring absolute unweighted samples sizes Ͼ60 with relative standard error measures Ͻ30% to be included for data analysis. The relative standard error was calculated as a first-order Taylor-series approximation, as outlined in the relative standard error tables of the 2000 NHDS documentation (26). Standard error was calculated by multiplying the relative standard error by the estimate, and 95% CIs were constructed from these standard error measures. When race was missing from the sample for a given year (1-20% in any given year), these persons were excluded from the race-specific rate calculations but were included in all other rate calculations. Continuous data were compared by analysis of variance, and categorical data were compared using the chisquare test. Tests of trend within categorical variables were conducted using the Cochran-Armitage test. Analyses were performed using SAS System version 9.1 (SAS Institute, Cary, NC) (32) . Differences were considered significant when the 95% CIs did not overlap or when two-sided p values were Ͻ.05.
RESULTS
Demographics. During the current 25-yr study period, there were approximately 930 million hospitalizations in the United States and 12,505,082 reported cases of sepsis. The demographic characteristics of the patients in the population with sepsis are shown in Table 1 . When normalized to the 2000 U.S. Census, the incidence of sepsis increased over 25 yrs from 82.7 cases per 100,000 people (95% CI 71.8 -93.6) in the U.S. population to 275.4 cases per 100,000 (95% CI 244.9 -305.9). Consistent with previous data, males were more likely to develop sepsis than females (average annual RR 1.27, 95% CI 1.24 -1.30), and blacks and other races were more likely to develop sepsis than whites (average annual black RR 1.90, 95% CI 1.82-1.98; average annual other race RR 1.85, 95% CI 1.75-1.95).
Source and Type of Infection. During the study period, 33% of sepsis cases were due to respiratory infections, 32% to genitourinary infections, 23% to a gastrointestinal source, 7% to a bone or joint infection, 5% to a skin or soft tissue infection, and 3% to other sources; 3% of infections involved more than one source. Males were more likely to have respiratory infections than women (36% vs. 29%, p Ͻ 0.01), whereas females more commonly developed sepsis from genitourinary sources (35% vs. 27%, p Ͻ .01). These differences were apparent for both population-adjusted Values presented are means, medians, or proportions with 95% confidence intervals in parentheses, as described next: age, mean patient age (yrs); length of stay, median duration of hospital length of stay (days); organ dysfunction, mean number of dysfunctional organ systems; comorbidities, mean number of chronic comorbid medical conditions; Charlson-Deyo score, mean value of Charlson-Deyo comorbidity index; discharge status, proportion (%) of sepsis patients who were discharged to home or to another healthcare facility, who died, or for whom discharge status was otherwise stated (either hospitalization terminated against medical advice or discharge status unknown). rates ( Fig. 1A ) and for proportional case distribution ( Fig. 1B) . Fifty-two percent of sepsis patients had a microbiologically documented type of infection. Gram-positive bacteria were more common in men than in women (56% vs. 49% of cases, p Ͻ .01), and these differences in the type of infection were not accounted for by differences in the source of infection. After we controlled for infection source by stratification, males were 16% more likely to have Grampositive bacterial types of infections within the most common infection sources (mean proportionate ratio 1.16, 95% CI 1.04 -1.29) ( Fig. 2 ).
Source-specific sepsis incidence rates were universally higher in nonwhite races (Fig. 3A ), but these differences did not reflect increased risk for specific infection sources as racially stratified case proportions were equally distributed according to the infection site ( Fig. 3B ). However, black sepsis patients had the highest frequency of Gram-positive infections causing sepsis at 59% vs. 51% for whites and 48% for other races (p Ͻ .01 for blacks vs. either other race). These differences in the type of infection were not accounted for by the source of infection, as black sepsis patients were 25% more likely to have Gram-positive bacterial types of infections within the most common infection subtypes (mean proportionate ratio 1.25, 95% CI,1.18-1.32) ( Fig. 4) .
Comorbid Conditions. The mean number of chronic comorbid medical conditions was similar for sepsis patients regardless of race or gender ( Table 1) . The presence of any comorbidity was more common in whites, as measured by a Charlson-Deyo comorbidity score Ͼ0 (59% in whites, 56% in blacks, 54% in other races; p Ͻ .05 for whites compared with blacks or others), but the severity of comorbidity as measured by total Charlson-Deyo score was greater in blacks and males (Table 1 ). Qualitative differences in the distribution of individual chronic comorbid medical conditions based on race and gender are apparent in Figure 5 . Among racial groups (Fig. 5A ), nonwhite sepsis patients had higher rates of diabetes, HIV, chronic renal failure, and alcohol abuse; white sepsis patients had higher rates of cancer and chronic obstructive pulmonary disease. There were no differences in median number of chronic comorbid medical conditions or Charlson-Deyo comorbidity score according to gender (Table  1) , although chronic comorbid medical conditions were slightly more common in males than females for all conditions except diabetes mellitus (Fig. 5B ). Organ Dysfunction. Blacks and other races were more likely to have at least one acute organ dysfunction (i.e., severe sepsis) when compared with whites (35% or 37% vs. 29%, p Ͻ .01 compared with whites). There were smaller differences in the occurrence of organ dysfunctions between males and females (32% vs. 29%, p ϭ .02). Among septic patients with chronic comorbid medical conditions, 30% of septic patients with one chronic comorbid medical condition developed acute organ dysfunction, compared with 39% of sepsis patients with two comorbid medical conditions and 45% of sepsis patients with three or more comorbidities (p Ͻ 0.01 for trend).
There was also a relationship between both the source of infection or the type of infection and the occurrence of acute organ dysfunction. Sepsis patients with respiratory, gastrointestinal, central nervous system, and cardiovascular infections had higher rates of acute organ dysfunction compared with other sources of infection, with the highest frequency of acute organ dysfunction (36%) observed in patients with sepsis due to respiratory infections. In addition, sepsis patients with Gram-positive bacterial infections had a greater likelihood of developing acute organ dysfunction than those with Gram-negative infections or anaerobic or fungal sepsis (31% vs. 25% vs. 26% vs. 28%, respectively, p Ͻ .01 for Gram-positive compared with all others).
Clinical Outcomes. The median length of hospital stay for black sepsis patients was 1.0 day greater (95% CI 0.9 -1.1 days) than for white patients and 2.0 days greater (95% CI 1.8 -2.2 days) than for sepsis patients of other races ( Table 1 ). The proportion of sepsis survivors being discharged to home after hospitalization declined from 77% in 1979 to 51% percent in 2003. Overall, nonwhites were most likely to be discharged to home after a sepsis hospitalization, whereas whites were the most frequently discharged to another medical facility (24% for whites compared with 19% for blacks and 15% for other races, p Ͻ .05). There were also differences in discharge status between males and females ( Table 1) .
Case-fatality rates were similar when stratified by gender; case fatality was lower for sepsis patients of other races (18%) compared with blacks (21%) or whites (21%) (p Ͻ .05) ( Table 1) . Fatality rates according to the source of infection were similar across racial and gender groups, with the exception of females having higher case-fatality rates for skin/soft tissue and bloodstream infections than males (13% vs. 10%, and 11% vs. 7%, respectively, both p Ͻ .05) and blacks having higher casefatality rates from genitourinary sepsis than whites (17% vs. 14%, respectively, p Ͻ .05).
DISCUSSION
In this study using national hospitalization data, we have confirmed the frequency of sepsis and the magnitude of existing racial and gender disparities and have begun to identify factors that may influence these disparities. For the first time, we have shown that racial disparities exist within all major sources of sepsis and that genderbased disparities vary according to the source of infection. More important, there are differences in the type of infection ac-cording to race and gender that persist even within subgroups of infection sources (Gram-positive infections disproportionately represented in males and blacks). Furthermore, there were significant differences in the distribution of chronic comorbid medical conditions according to both gender and race, and the presence of comorbidities was associated with the development of acute organ dysfunction (i.e., severe sepsis). Finally, hospital length of stay and hospital discharge status were significantly different between races.
Our prior studies on the epidemiology of sepsis have documented the magnitude of racial disparities in the incidence of sepsis (2) , which have also been broached by others (14, 33) , yet no studies have com-prehensively examined the factors that influence these disparities. Wong et al. (34) reported that differences in life-years lost due to racial disparities in infectious diseases are second only to disparities in cardiovascular diseases. As with our current data, they reported that diabetes, hypertension, and HIV contributed to the disparities among blacks. The differential distribution toward nonwhites of chronic comorbid medical conditions that affect the immune system (diabetes, chronic renal failure, and HIV) may contribute to disparities in the incidence of sepsis. In addition, these data confirm differences in causative organisms not accounted for by the site of infection, with specific increases in infections due to Gram-positive bacteria in blacks. These differences were present overall and within infection subtypes, raising questions of exposure, host susceptibility, and immune response according to racial subgroups. Racial examination of genetic predisposition is confounded in the United States by race and ethnicity, representing a social construct more than a scientific classification (35) . However, the social disadvantages that occur among the races may play a role in explaining the disparities observed in this study. However, the immunologic response to Gram-positive infections may be mediated through the human Toll-like receptor 2, and mutations that affect the structure or expression of Toll-like receptor 2 may alter the host response to these pathogens. Identified functional polymorphisms in Toll-like receptor 2 between African Americans and Caucasians may thus directly create race-specific immunologic responses to Gram-positive infections that genetically predispose blacks to sepsis compared with whites (36) . Therefore, the disparities that are observed are likely multifactorial, with partial explanations related to differences in chronic comorbid medical conditions, socioeconomic status, and genetics.
These data confirm that males are at Ͼ25% increased risk for developing sepsis compared with females. This disparity has also been reported for patients with severe sepsis, including patients from countries outside the United States (4, 6, 33, 37) . The basis for these disparities has most frequently been postulated to relate to hormonal differences between genders, as traumatically injured males are more likely to develop sepsis and acute organ dysfunction compared with females with similar injuries (38) . Estrogen levels in combination with plasma cytokine imbalance may contribute to the differences in the inflam- matory response and the development of sepsis (39, 40) , whereas hormonal manipulation in animal models has been shown to reduce the risk of death with sepsis for males compared with females (41) . However, gender disparities also exist in the neonatal and pediatric sepsis populations (14 -16) , making hormonal differences an incomplete explanation. Furthermore, the observed increased risk specifically for Gram-positive infections among males compared with females after controlling for the site of infection suggests other contributing factors in the differential risk for sepsis. Investigators have begun to consider the genetic basis for gender differences in disease, with polymorphisms in the lipopolysaccharide-binding protein and tumor necrosis factor genes reported to alter the sepsis phenotype in males but not females (42, 43) .
The development of acute organ dysfunction is a critical event in the evolution of sepsis, heralding the onset of severe sepsis and a poorer prognosis. Predictors of organ dysfunction include age, gender, immune status, and existence of underlying disease (7) . The association of chronic comorbid medical conditions with acute organ dysfunction may simply reflect physiologic reserve, but it also merits clinical consideration because comorbidities are readily identifiable clinical variables associated with acute organ dysfunction and a worse prognosis. In addition, studies have shown that the type of infection (e.g., methicillin-resistant Staphylococcus aureus) and the site of infection influence the occurrence of acute organ dysfunction and subsequent clinical outcomes (18, 19) . As such, Gram-positive infections appear to be less responsive to anti-inflammatory agents and result in more severe illness (44) . The ability to predict the occurrence of acute organ dysfunction would be clinically relevant with potential therapeutic implications and could improve long-term outcomes or quality of life given the impact of organ dysfunction on mortality rate after discharge from the intensive care unit (45, 46) .
The use of administrative datasets for critical care health services research is recognized as an essential tool, yet it has limitations that are partially offset by the large sample size of patient-level data (47, 48) . The use of ICD-9CM codes to identify specific medical conditions has limitations but for sepsis has been validated to carry a positive predictive value of 88.9% and a sensitivity of 87.7% (2, 27, 49) , yielding calculated specificity and nega-tive predictive value to be 98.8% and 98.6%, respectively (2) . Although ICD-9 coding schema may change over time, thus influencing incidence rates, longitudinal changes would be unlikely to vary by gender or race. We cannot determine mortality specifically attributable to sepsis, differentiate physician-specific practices relating to race or gender, or necessarily extrapolate these findings to patients outside the United States.
CONCLUSION
This study serves as a first step toward eliminating healthcare disparities in sepsis. In addition, the results may help to advance our understanding of the pathogenesis of sepsis, and they have implications for clinical trial analysis. The underlying reasons for disparities in sepsis are likely multifactorial, including the type and source of infection; distribution of chronic comorbid medical conditions; social, cultural and economic factors; and both access to health care and the delivery of health care. Although disparities have traditionally been considered in the context of social, economic, cultural, and healthcare differences, these data may generate new hypotheses regarding host susceptibility and genetic response to specific infectious stimuli that lead to sepsis. To more fully elucidate causes of disparities in sepsis, an optimal combination of prospective cohort studies and analyses from large administrative data is necessary. In the interim, clinicians can use this information in the treatment of patients with sepsis by better understanding the types and sources of infections in common patient groups and in better managing chronic comorbid conditions in high-risk patients.
